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Abstract 
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eikonal approach. 



* Presented by C. Ciofi degli Atti at the International Workshop on Probing Nucleons and Nuclei via 

the (e,e'p) Reaction, 14-17 October 2003, Grenoble (France) 
t On leave from Bogoliubov Lab. Theor. Phys., 141980, JINR, Dubna, Russia 



1 



I. INTRODUCTION 



One of the main aims of nowadays hadronic physics is the investigation of the hmits 
of vahdity of the so called Standard Model of nuclei, i.e. the description of nuclei through 
the solution of the non relativistic Schrodinger equation containing realistic nucleon-nucleon 
interactions. To this end, exclusive lepton scattering could provide useful information on 
the nuclear wave function, provided a reliable treatment of initial and final states involved 
in the process can be adopted. In the case of few-body systems, a consistent treatment of 
initial and final states is nowadays possible at low energies by the solution of the Schrodinger 
equation (see e.g. and References therein quoted). However, at high energies, when the 
number of partial waves sharply increases and nucleon excitations can occur, the Schrodinger 
approach becomes impractical and other methods have to be employed. In this contribution 
the results of calculations of the exclusive process A{e, e'p)B, described within a generalized 
eikonal approach to treat final state interaction (FSI) and using realistic few-body wave 
functions, are reported. 



II. BASIC FORMULAE AND RESULTS 



A. Basic formulas 

In the one-photon-exchange approximation we write the differential cross section of the 
process A[e, e'p){A — 1) in the following form 



where K{x, Q^, p^) is a kinematical factor, al^^{Q'^, the De Forest CCl cross section Q , 
p.^ = q — p' the missing momentum, i.e. the Center-of-Mass momentum of the undetected 



particles , p' the momentum of the detected particle, and Em = y-Pl-i + — Ma = 
go — Tpi — Ta-i the missing energy. 

In our approach, the nuclear transition matrix element MA,A~iiPm, E^,) in eq. (Q) is 
computed by evaluating the corresponding Feynman diagrams of Fig. ^ which describe the 
interaction of the incident electron with one nucleon of the target followed by its elastic 
rescattering with the nucleons of the {A — 1) nucleus. 
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FIG. 1: The Feynman diagrams for the process A{e, e'p){A — 1): the Plane Wave Impulse Approx- 
imation (PWIA) a), and the single b) and double c) rescattering in the final state, f^'^ denotes 
the elastic nucleon-nucleon (NN) scattering amplitude. 

B. The process ^H{e, e'p)n. 

In PWIA (Fig la)) the transition matrix element simply becomes the deuteron momentum 
distribution, i.e. 



IM 



A,A-l\ ^ ^DlPn 



1 1 



3 (2^)' Mn 



J2 J c?r*i,-MB(r)A/ exp(-zp^r) 



(2) 



When the relative energy of the rap-pair is large, the exact two-nucleon continuum wave 
function can be approximated by its eikonal form, obtaining 0| 



1 1 



3 (2vr)^ 



J dr^iMD(^)3(^)Xf exp(-2p^r) 



(3) 



where S{r) = [1 — 6{z)r{h)] and z and b are the longitudinal and transverse co-ordinates 
with respect to the direction of the struck nucleon. In Fig. El the results of our calculations 
are compared with the experimental data (here, and in what follows, we used r(b) = 
(j^^[(l — ia)/{4:7ibl)]exp{—h'^/2bl), with the values of the total cross section a^N, the ratio 



a 



i?e/^^(0)//m/^^(0) and the slope parameter Bq from P]). The right panel in Fig. |21 
illustrates the dependence of the cross section at two different values of the azimuthal 
angle between the scattering and reaction planes, namely = (negative values of pm = 
|pm|) and = TT (positive values of pm)- It can be seen that FSI effects lead always to a 
better agreement with the experimental data. 

C. The processes '^H{e, e'p)D and ^H{e, e'p)pn 
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FIG. 2: Comparison of theoretical calculations with the experimental data from JLAB 



and SLAC 



(left) 



31 (right). The negative values of Pm correspond to protons detected at = 0. 



For a ^He target, the final state can be either the deuteron or the continuum two-body 
state. We have considered the following three cases: 

1. the PWA approximation: all particles in the final states are described by plane waves, 
which means that the transition matrix element is nothing but the three-body ground state 
wave function in momentum space; 

2. the PWIA: in this picture (Fig^)) the struck proton is always described by a plane wave 
and the FSI is only taken into account in the {np) pair of the three-body channel process 
^He{e, e'p){np); in our calculations both the two- and three-body wave functions correspond 
to the AV^18 interaction [8j, with the three-body wave function from P|. 

3. the full FSI: the (np) system (ground or continuum states) is still described by the exact 
solution of the Schrodinger equation, whereas the interaction of the struck nucleon with 
the pair is treated by evaluating the Feynman diagrams of Figs. 1 b) and Ic). For the 
three-body channel, one obtains 



IM 



A.A-l 



PD{Pm,Em) = / 



(4) 



J drdp ^3He(r,p)5^^^(p,r)exp(ip„p) 
where S^^^{ti, r2, rs) 



'12\ 



6 E„ 



E^ 



2 

n 



MnJ 

and Ao ~ {qo/\q\)Em is 



1 - 9{zi - zs) e'^oizi - ^3)r(bi - bg 
a factor which appears when the frozen approximation underlying the Glauber approach is 
released and the recoil momentum of the third nucleon, appearing when the struck nucleon 
rescatters on the second one, is taken into account 0, Q]- The effects from the factor Aq in- 
crease with the removal energy, but in most cases considered they do not appreciably distort 
the Glauber result (this point is still under investigation ^^). The transition matrix element 



o E89044 (Prelim.) 
-PWIA 
- PWIA+FSI 



for the two-body channel has the same form, with the continuum two-body wave function re- 
placed by the deuteron wave function, and the argument of the energy-conserving 5-function 
properly modified. In eq. El Po^Prn, Em) represents the distorted Spectral Function, which, 
when r = Aq = 0, reduces to the usual one P(|pm|, Em) [12]. 

The results of our calculations are shown in Figs. El 
and m Both sets of data refer to the perpendicular kine- 
matics, when the final proton is detected almost per- 
pendicularly to p^; it can be seen that in the two-body 
channel process, the inclusion of FSI effects, apprecia- 
bly improves the agreement with the experimental data. 
As for the three-body channel, one sees that at suffi- 
ciently high values of and Pm, the PWA and PWIA 
predictions practically coincide, in agreement with the 
behaviour of the Spectral Function which, as shown in 
Fig. 5 (see [l^), exhibits bumps at Em — p^/(4m) 
originating from two-nucleon correlations. Thus, if the 
PWIA were valid, the ^He{e,e'p){np) cross section at 
Pm > UOMeV/c and Em > lOMeV would be directly 
related to the three-body wave function. Unfortunately, 
one sees that in the perpendicular kinematics of Q, the 
FSI between the struck proton and the (up) pair almost 
entirely exhausts the cross section. However, as shown in Fig. 5, this does not seem to be 
the case for the experimental data of ^ , where the struck nucleon is detected almost along 
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FIG. 3: Comparison of our calcula- 
tions (AV18 interaction) of the two- 
body channel process with pre. 
inary experimental data from 
Three-body wave function from 



nm- 



the direction of p^ 



III. CONCLUSIONS 



We have developed a realistic approach aimed at a consistent treatment of initial state 
correlations and FSI effects in exclusive A{e, e'p)X processes; the approach is based upon 
the use of realistic three-body wave functions corresponding to the AV18 interaction and 
a generalized eikonal approach, where the Glauber frozen approximation is released. Our 
results show that by a proper choice of the kinematics, FSI effects might appreciably be 
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FIG. 4: Comparison of our calculations (AV18 interaction) of the process ^He{e,e'p)np with pre- 
liminary experimental results from Three-body wave function from j^. 



reduced, as also occurs in the ^He{e,e'2p)n process (see in particular Fig. 10 of thus 
it appears that by quasi elastic exclusive processes, the details of the ground-state few-body 
wave function can eventually be investigated. 
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FIG. 5: Left panel: the proton Spectral Function (AV18 interaction) of ^He Right panel: 

comparison of our theoretical calculations (AV18 interaction) of the process ^He{e, e'p)np with the 
results from Three-body wave function from 
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